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ABSTRACT 

The primary i n t e r e s t  v e h i c l e  des igners  and advanced mission 
planners  have i n  s o l a r  f l a r e s  is the p r o b a b i l i t y  of occurrence of a 
damaging f l a r e .  Obviously then, one must de f ine  exac t ly  what is a 
damaging f l a r e .  An environmental model of a " typica l"  f l a r e  is  con­
s t r u c t e d  he re in ,  and the  p r o b a b i l i t y  of occurrence of t h i s  o r  a s i m i l a r  
f l a r e  is  considered. The next  s t e p  is t o  then  d e r i v e  a n  "extreme" model 
s o l a r  f l a r e  s o  that the  e f f e c t s  of such a f l a r e  on occupants of a nomi­
n a l l y  sh i e lded  v e h i c l e  may be der ived.  Since t h i s  r e p o r t  is intended 
t o  p re sen t  only the  environmental model, no a t tempt  has been made t o  
e s t ima te  the dose accrued f o r  e i t h e r  type f l a r e  nor have any s h i e l d i n g  
ca 1cula  t ions been performed . 
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PROBABILITIES OF SOLAR FLARE OCCURRENCE 

SUMMARY 

The primary i n t e r e s t  v e h i c l e  des igners  and advanced mission 
planners  have i n  s o l a r  f l a r e s  is the  p r o b a b i l i t y  of occurr2nce of a 
damaging f l a r e .  Obviously then, one must de f ine  exac t ly  what is a 
damaging f l a r e .  An environmental model of a " typica l"  f l a r e  is  con­
s t r u c t e d  he re in ,  and the  p r o b a b i l i t y  of occurrence of t h i s  o r  a s i m i l a r  
f l a r e  is considered. The next  s t e p  is  t o  then de r ive  an  "extreme" model 
s o l a r  f l a r e  s o  t h a t  the  e f f e c t s  of such a f l a r e  on occupants of a nomi­
n a l l y  sh ie lded  v e h i c l e  may be der ived.  Since t h i s  r e p o r t  is  intended 
t o  p re sen t  only the  environmental model, no a t tempt  has been made t o  
es t imate  the  dose accrued f o r  e i t h e r  type f l a r e  nor have any sh ie ld ing  
ca l cu la t ions  been performed. 

I. INTRODUCTION 

A d e s c r i p t i o n  of the s o l a r  f l a r e  environment has been presented by 
the au thor  i n  a n  e a r l i e r  paper [ 2 ] ,  and w i l l  n o t  be reviewed i n  d e t a i l  
here .  A few rev i s ions  t o  the  "extreme" model f l a r e  have been made which 
w i l l  be discussed l a t e r .  The p r o b a b i l i t y  of the occurrence of a s o l a r  
f l a r e  is  based upon the  binomial l a w .  I f  p1 i s  the p r o b a b i l i t y  of occur­
rence of a s o l a r  f l a r e  per day and q1 i s  the p r o b a b i l i t y  of a s o l a r  f l a r e  
not  occurr ing per day, then 

o r  

For a mission l a s t i n g  n days, t he  p r o b a b i l i t y ,  Pn, of the occurrence of 
cqe o r  more such f l a r e s  is  der ived by 



This was t he  method used t o  c a l c u l a t e  t he  p r o b a b i l i t i e s  i n  t h i s  
r epor t .  The d a t a  used were b a s i c a l l y  those of Webber [I] f o r  the  per iod  
1956-1961. No s p e c i a l  ca l cu la t ions  were performed t o  show that the  f l a r e s  
tend t o  "group" i n  time as evidenced by the  J u l y  1959 s e r i e s ,  nor was any 
a t tempt  made t o  inc lude  the  time per iod of the dea r th  of f l a r e s  during 
sunspot  minimum. The l ack  of s o l a r  f l a r e s  a t  sunspot  minimum i s  w e l l  
known, b u t  t he  problem l i e s  i n  spec i fy ing  exac t ly  how long t h i s  minimum 
w i l l  l a s t .  The p a s t  sunspot  minimum appears t o  i n d i c a t e  a s a f e  per iod 
( for  l i g h t l y  sh ie lded  v e h i c l e s )  of about  four  years  beginning i n  1962 
and extending through 1965, bu t  t o  apply  t h i s  s a f e  period t o  the next  
s o l a r  minimum would probably not  be wise.  

A reasonable  assumption might be t o  des igna te  a two-year per iod 
centered on sunspot  minimum as a s a f e  time zone f o r  l i g h t l y  sh ie lded  
veh ic l e s .  Since missions t o  Mars and Venus a r e  not  expected t o  take 
much over two years ,  sunspot  minimum is the most favorable  time per iod 
from a s o l a r  f l a r e  viewpoint.  Unfortunately,  launch windows f o r  t hese  
missions do not  n e c e s s a r i l y  correspond t o  favorable  time per iods f o r  
s o l a r  f l a r e s .  Whereas launch windows a r e  p red ic t ab le ,  s o l a r  cycles  a r e  
not .  

In  view of the  severe  f l a r e  model used and the  time per iod con­
s ide red ,  these  r e s u l t s  a r e  probably conservat ive,  b u t  neve r the l e s s ,  they 
r ep resen t  reasonable  c r i t e r i a  f o r  v e h i c l e  design and mission s tud ie s .  

11. DESIGN FLARE MODEL 

A few minor r ev i s ions  have been made from the  model f l a r e  presented 
i n  the  e a r l i e r  paper [2] .  Where, p rev ious ly ,  the f l u x  of p a r t i c l e s  above 
a c e r t a i n  energy w a s  the  h ighes t  recorded f o r  ind iv idua l  f l a r e s ,  the f l u x  
i n  t h i s  r e p o r t  includes the  sums of the s e r i e s  of f l a r e s  recorded i n  
J u l y  1959. Thus, i n s t ead  of a f l u x  of 7 .5  x lo9  (cm-2) wi th  ener  i e s  
above 10 MeV, the  maximum p a r t i c l e s  above 10 Mev is now 1.5 x 101% ( C ~ I - ~ ) .  
I n  a d d i t i o n ,  s i n c e  the February 1956 f l a r e  holds  up ou t  t o  very  high 
energ ies ,  the energy spectrum f o r  p a r t i c l e s  over 100 Mev is  f i t t e d  t o  
that f l a r e  spectrum. Using t h i s  spectrum, we f i n d  that t h e r e  a r e  s t i l l  
about  1.3 x lo8  (cm-2) p a r t i c l e s  whose energ ies  a r e  equal t o  o r  exceed 
300 MeV. Since the  spectrum is s o  hard,  one should expect t h a t  these  
p a r t i c l e s  w i l l  be exceedingly d i f f i c u l t  t o  s h i e l d  aga ins t .  Figure 1 
shows t h i s  extreme f l a r e  model. 

Figure 2 shows the f l u x  of p a r t i c l e s  (with energ ies  g r e a t e r  than 
30 MeV) per  month throughout the  per iod 1956-1961. One must keep i n  
mind t h a t  the p a r t i c l e s  from these f l a r e s  were inc iden t  a t  t he  e a r t h ,  
and were thus recorded. The dashed curve i n  Figure 2 is the  mean monthly 
s o l a r  f l u x  recorded a t  the  Nat ional  Research Council i n  O t t a w a ,  Canada. 
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Although during t h i s  per iod mean monthly s o l a r  f l u x  values  vary  widely,  
the  form of the  curve is  e a s i l y  d i s c e r n i b l e .  Both t h e  months of Ju ly  
1959 and November 1960 i n d i c a t e  the  occurrence of exceedingly l a r g e  
f l a r e s .  I n  J u l y  1959 the re  were th ree  excep t iona l ly  l a r g e  f l a r e s ,  and 
i n  November 1960 the re  were two very  l a r g e  f l a r e s .  By comparison, the  
February 1956 f l a r e  appears t o  be only one of t h ree  moderately l a r g e  
f l a r e s .  However, the  energy spectrum f o r  t h i s  f l a r e  i s  much harder  o r  
f l a t t e r  than any o the r  l a r g e  f l a r e .  A s  a r e s u l t ,  t h i s  February 1956 
f l a r e  has more p a r t i c l e s  w i th  energ ies  exceeding 100 Mev than any o the r  
f l a r e  on record.  

The design model f l a r e  is  shown i n  Figure 3 .  This model w a s  con­
s t r u c t e d  by assuming an envelope which exceeded the f lux-energy s p e c t r a  
of a l l  b u t  t h i r t e e n  f l a r e s  recorded. Thi r teen  were chosen f o r  s eve ra l  
reasons.  F i r s t ,  the  p r o b a b i l i t y  of occurrence of t h i s  type of f l a r e  i s  
not  extremely s t e e p  over r e l a t i v e l y  long mission lengths .  Second, sh i e ld ­
ing f o r  t h i s  f l a r e  spectrum w i l l  probably prove reasonable  f o r  most m i s ­
s ions .  Third,  the high energy spectrum tends t o  be reasonably hard,  thus 
providing the  conservatism necessary i n  spec i fy ing  a s o l a r  f l a r e  model. 
Figure 4 i s  a graph of the  p r o b a b i l i t y  of occurrence of a f l a r e  equal t o  
o r  g r e a t e r  than t h i s  f l u x  energy spectrum during an extramagnetospheric 
m i s s  ion  l a s t i n g  n days. 

111. MISSION CONSIDERATIONS 

When should the  s o l a r  f l a r e  be considered i n  mission planning? 
Although veh ic l e s  i n  low e a r t h  o r b i t s  which have i n c l i n a t i o n s  l e s s  than 
about  55 degrees w i l l  probably never have t o  consider  the s o l a r  f l a r e  as 
a d i r e c t  r a d i a t i o n  hazard,  t he re  a r e  e f f e c t s  caused by the s o l a r  f l a r e  
which w i l l  be of concern t o  even low e a r t h  o r b i t i n g  veh ic l e s .  These 
e f f e c t s  inc lude  the  enhancement and ex tens ion  of the Van Al len  r a d i a t i o n  
zones. 

Lunar missions m u s t  c e r t a i n l y  consider  s o l a r  f l a r e  r a d i a t i o n .  The 
lunar  su r face  i s  no t  pro tec ted  by an  ex tens ive  atmosphere which could 
absorb the incoming p a r t i c l e s  nor is i t  pro tec ted  by an apprec iab le  
magnetic f i e l d  which could d e f l e c t  incoming p a r t i c l e s .  It is probable 
that: the  lunar  s u r f a c e  w i l l  be subjec ted  t o  about  the  same atmosphere 
environment as t h a t  found i n  i n t e r p l a n e t a r y  space.  It is poss ib l e  t h a t  
some measurable atmosphere e x i s t s ,  b u t  t h i s  atmosphere would be extremely 
tenuous. The same s ta tement  may be made about  the  magnetic f i e l d  on the  
moon. 
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The moon i t s e l f  would o f f e r  some sh ie ld ing  a t  a g iven  s i t e  depend­
ing on the  sun-moon-site angle  and the  angle  subtended by the  lunar  su r ­
f ace  i t s e l f .  

Since i n t e r p l a n e t a r y  missions w i l l  be subjec ted  t o  the d i r e c t  r ad ia ­
t i o n  of the s o l a r  f l a r e ,  ways must be found t o  reduce the  r a d i a t i o n  dose 
as much as poss ib le .  It has been suggested t h a t  a small bu t  heav i ly  
sh ie lded  a r e a  be included where personnel could remain during the  occur­
rence of l a r g e  s o l a r  f l a r e s .  This might a l s o  se rve  as a s l eep ing  a r e a  
f o r  these  a s t ronau t s .  Another p o s s i b i l i t y  is t h a t  i n t e r p l a n e t a r y  m i s ­
s ions  t r a v e l i n g  a t  d i s t ances  g r e a t e r  than 1 astronomical  u n i t  from the  
sun might encounter a l e s s  severe  f l a r e  environment, because of d i spe r ­
s i o n  and increased loss of energy of the  p a r t i c l e s  themselves. For 
ins tance ,  s i n c e  it is  f a i r l y  c e r t a i n  t h a t  the  s o l a r  cons tan t  varies as 
1/R2 due t o  d i spe r s ion ,  unless  the p a r t i c l e s  a r e  con t ro l l ed  d e c i s i v e l y  
by the  s o l a r  magnetic f i e l d ,  i t  i s  t o  be expected t h a t  s o l a r  f l a r e s  w i l l  
e x h i b i t  t h i s  same r e l a t i o n s h i p .  

It was  mentioned ear l ier  that veh ic l e s  i n  low e a r t h  o r b i t  and a t  
low i n c l i n a t i o n s  would no t  be subjec ted  t o  the  d i r e c t  s o l a r  f l a r e  eaviron­
ment. Vehicles i n  po la r  o r  near po lar  o r b i t s  w i l l ,  however, spend some 
time ou t s ide  the p ro tec t ion  of the  magnetic f i e l d .  Near the  magnetic 
po les ,  the l i n e s  of  f o r s e  a r e  approaching perpendicular  t o  the  e a r t h ' s  
su r f ace ;  thus ,  the  0 x B term i n  the  fo rce  equat ion approaches zero and 
the  p a r t i c l e s  a r e  allowed t o  flow i n  uninhib i ted  by the  magnetic f i e l d .  
For t h i s  reason,  manned veh ic l e s  i n  po la r  o r b i t  should have e i t h e r  a 
we l l  def ined a b o r t  c a p a b i l i t y  o r  s u f f i c i e n t  sh i e ld ing  t o  reduce the  dose 
t o  acceptab le  l i m i t s .  The acceptab le  dose c r i t e r i a  here  should a l s o  be 
more s t r i c t  s i n c e  terminat ion is  poss ib l e  f o r  t h i s  type of mission. 

The f i n a l  type of mission which w i l l  r e q u i r e  cons idera t ion  of the  
s o l a r  f l a r e  as a r a d i a t i o n  hazard is the  h igh  a l t i t u d e  e a r t h  o r b i t a l  
mission. The geomagnetic f i e l d  boundary is determined by the  energy 
of the s o l a r  wind being balanced by the  magnetic f i e l d  energy. When a 
s o l a r  f l a r e  occurs ,  t he  s o l a r  wind energy i s  enhanced and the  geomagnetic 
f i e l d  boundary then is de f l a t ed .  Another way of looking a t  the problem 
is t o  consider  t he  r i g i d i t y  of the  s o l a r  f l a r e  p a r t i c l e s .  R ig id i ty ,  P, 
is  given by 

P =  pc 
'ze 

where 

p = p a r t i c l e s  momentum, 

c = speed of l i g h t ,  
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e = charge on a n  e l e c t r o n ,  and 

z = t he  atomic number of the  p a r t i c l e s .  

The d i s t a n c e  a p a r t i c l e  can p e n e t r a t e  i n t o  the  magnetic f i e l d  i s  
d i r e c t l y  propor t iona l  t o  the  r i g i d i t y  of the  p a r t i c l e s .  The cutof f  
r i g i d i t y ,  Pc, f o r  p a r t i c l e s  is  a func t ion  of t he  magnetic f i e l d  i t s e l f .  

Pc = 14,900 cos 4A i n  m i l l i o n  v o l t s  , 

where A is the  geomagnetic l a t i t u d e .  

Pc = 14,900 (R/L)*, 

where R is  the  geocen t r i c  r a d i a l  d i s t ance  t o  the  d ipo le  f i e l d  coordinate ,  
L. 	 Thus, f o r  i n s t ance ,  a s a t e l l i t e  a t  synchronous o r b i t  on the sunward 
s i d e  of the  e a r t h  would be exposed t o  almost a l l  of the higher  energy 
s o l a r  f l a r e  p a r t i c l e s .  

IV. PROBABILITY OF FLARE OCCURRENCE 

For planning missions and f o r  v e h i c l e  design,  i t  is  we l l  t o  know 
the  p r o b a b i l i t y  of occurrence of a p a r t i c u l a r  type of s o l a r  f l a r e .  Fig­
ures  5 and 6 provide t h i s  information f o r  var ious  s i n g l e  f l a r e  p a r t i c l e  
f luxes .  The p r o b a b i l i t y  of occurrence,  p ,  of a t  l e a s t  one f l a r e  wi th  a 
f l u x  equal t o  o r  exceeding N is  given i n  t h e s e  two f i g u r e s .  There is no 
r e l a t i o n  between the  p r o b a b i l i t i e s  and a p a r t i c u l a r  f l a r e  spectrum, b u t  
n o t i c e  t h a t  Figure 5 i s  ca l cu la t ed  f o r  a f l u x  of p a r t i c l e s  wi th  energ ies  
equal t o  o r  exceeding 30 MeV, whereas, Figure 6 is  ca l cu la t ed  f o r  a f l u x  
of p a r t i c l e s  w i th  energ ies  equal  t o  o r  exceeding 100 MeV. From these  
graphs,  one may ob ta in  reasonable  f i g u r e s  f o r  var ious  mission lengths  
versus  p r o b a b i l i t i e s  of occurrence.  

5 




- -  

I 

Flux (particles/cm2) 
__ ­

5 
4 


3 ­

2 ­

$0 1 
8 ­
7 ­
6 ­
5 ­
4 ­ 


3 ­

2 ­

-lo9 
8 1 
7 ­
6 ­
5 ­
4 ­ 

3 ­

2 ­

e 1 I I t - I 1 -I --A _I- c - 1 - L - I -

Figure 1.  Extreme Flare Model 

N (> E )  4.26 x 10” 

6 



U 

x lo5 particles/cm2 - month 32.10020,000 

Figure 2. 	 Flux of particles with energies 

equal to or greater than 30 Mev 

from Solar Flares during the last 


l b ,  000 	 solar cycle. These are shown as 
total flux per month of particles 
with energies .equal to or exceeding 
30 MeV. The dashed line is the 
monthly mean value of the solar 
flux at 2800 Mcls. 400x

16,000 10-22 


14,000 350 

5 
12,000 300 

rl 
k. 

aI
,+ 
h 

.A a 
U C 

2 10,000 250 
8 

s-4 
\ 
(D 

I .-I 
u

I 
I 6 
\ \ 
I N

Ll8,000 I 
I /\ 2002 
I 
I I 

\ 
co 

U 
U
6

3 

Y 

6 ,000  150 5 
rl 
h 

1 Ll\ 
\ 4 

0 
VJ 

4,000 100 

2,000 
50I0 

7 


0 I 
1956 

T- I ,  
1957 

. 
1958 
L IT 

1959 1960 1961 
Year 



lo9 -Flux ( rJarticles/cm ?1 ~~ 

8 ­
7 ­
6 -

Figure 3 .  Nominal Design F l a r e  Model 

N (> E)  1.77 x 10l1 E-2.21 

I I I I 1 I I I I '  I 1 I . L 


0 20 LO 60 00 109 120 1hO 160 180 203 220 2L3 260 280 

8 x( Eev) 


,I 




1.00 r 

.80 ­

-60­

a 


.40 

.20 


0 

0 100 200 300 400 500 600 700 800 

n( day) 

Figure 4 .  	 Probability of occurrence of a flare during a mission lasting n days whose flux in 
any energy internal equals to or exceeds the model design flare. 



1.00 


NI 


.'do 

.60 

a 


n 

Figure 5.  	 Probability p ,  i n  a mission last ing n days, o f ' t h e  occurrence of one or more 
solar f lares  with flux greater than or equal to  N wi th  energies greater than 
or equal to 30 MeV. 



3 


1.00 ­

.80 ­

.60 


a 


.40 

.20 


0 
100 200 300 400 5 00 6 00 700 800 

n 
Figure 6 .  	 Probability p ,  in  a mission lasting n days, of the occurrence of one or 

more f lares  with flux equal to  or greater than N with energies equal to  
or greater than 100 MeV. 



REFERENCES 


1. 	 Webber, W i l l i a m  R., "An Evaluat ion of the  Radiat ion Hazard due t o  
Solar  P a r t i c l e  Events," The Boeing Company, Document No. D2-90469, 
S e a t t l e ,  Washington, November 12,  1963. 

2. 	 Roberts,  W i l l i a m  T., "The So la r  F l a r e  Environment," NASA IT4 X-53216, 
MSFC, Huntsv i l le ,  Alabama, March 12, 1965. 

3.  	 Modisette,  J e r r y  L., Terence M. Vinson and Alva C. Hardy, "Model 
Solar  Proton Environments f o r  Manned Spacecraf t  Design," NASA TN 
D-2746, Manned Spacecraf t  Center,  Houston, Texas, Apr i l  1965. 

4 .  	 Smith, R. E.,  e d i t o r ,  "Space Environment Criteria Guidel ines  for  
U s e  i n  Space Vehicle Development (1966 Revision) ,I1 i n  the process  
of pub l i ca t ion ,  MSFC, Hun t sv i l l e ,  Alabama, June 1966. 

1 2  




APPROVAL NASA TM X-53463 

PROBABILITIES OF SOLAR FLARE OCCURRENCE 

By W. T. Roberts 

The information i n  t h i s  r e p o r t  has been reviewed f o r  s e c u r i t y  
c l a s s i f i c a t i o n .  Review of any information concerning Department of 
Defense o r  Atomic Energy Commission programs has been made by the  MSFC 
Secur i ty  C l a s s i f i c a t i o n  Off icer .  This r e p o r t ,  i n  i t s  e n t i r e t y ,  has been 
determined t o  be unclass  i f  i ed .  

This document has a l s o  been reviewed and approved f o r  technica l  
accuracy. 

R.. E. Smith 

Chief , Space Environment Branch 


~-

W. W. Vaughan 
Chief , AerospQe Environment Div is ion  

, 
.__ .  .. . . . . . . 

E. D. Ge i s s l e r  
D i rec to r ,  Aero-Astrodynamics Laboratory 

13 




D ISTRl BUT I ON 

DEP -T 

D r .  Rees 


R-D I R 

M r  . We idner 

D r .  McCall 

D r .  Johnson 


R-RP 

D r .  S t u h l i n g e r  ( 3 )  

D r .  She l ton  

M r .  Urban 

M r .  B u r r e l l  

M r .  Downey 

D r .  Dozier  


R-P&VE 

D r .  Lucas 

M r .  Gause 

D r .  He1 1 ebrand 

M r .  Goerner 

M r .  R i e h l  

M r .  K ingsburg 

M r .  Cata ldo 

M r .  Shannon 


R-ASTR 

D r .  Haeussermann 

Mr. Currie 

M r .  Boehm 

M r .  Hoberg 


I-DIR 

I O  


Gen. O'Connor ( 4  ) 


R-AERO 

D r .  G e i s s l e r  

M r .  W .  Vaughan ( 2 )  

M r .  R.  Smith 

M r .  0. Vaughan 


14 


R-AERO (Cont inued) 

M r .  0. S m i t h  

M r .  J. Scoggins 

M r .  Horn ( 2 )  

M r .  Baker (2 )  

M r .  Dahm ( 2 )  

M r .  Da l ton  

M r .  McNair 

M r .  Lewis 

M r .  Dan ie l s  

M r .  Belew 

M r .  Roberts (50)  

M r .  0. Jean 

M r .  L indberg  ( 2 )  

M r .  Thomae ( 4 )  

M r .  Hassel t ine 

M r .  W i l son  


R-AS 

M r .  W i l  1 iams 

M r .  Huber 

M r .  Waggoner 

M r .  Woodcock 

M r .  Paul 

M r .  Ca r te r  

M r .  Gradecak 

M r .  Spears 


cc-P 

I-RM-M 

MS-H 
MS-IP 
MS-IL (8) 
MS-T (6) 

I 




EXTERNAL D I ST.RI BUT I ON 

NASA Headquarters 

Federal  O f f i c e  Bldg. 6 

Washington 25, D. C. 

A t t n :  Techn ica l  I n f o r m a t i o n  D i v i s i o n  ( 2 )  


S c i e n t i f i c  and Techn ica l  I n f o r m a t i o n  

P. 0. Box 33 

College Park,  Maryland 20740 

A t t n :  NASA Rep. (S-AK/RKT) 

NASA 

O f f i c e  o f  Manned Space F1 i g h t  

Federal  O f f i c e  Bldg.  6 

Washington 2 5 ,  D.  C .  

A t t n :  D i r e c t o r  (4) 


M r .  E .  E .  Ch r i s tensen  

M r .  E .  Z .  Gray 

D r .  E.  J .  McLaughl in 


NASA 

F a c i l i t y  ( 2 5 )  

O f f i c e  o f  Space Science and A p p l i c a t i o n s  

Federal  O f f i c e  Bldg.  6 

Washington 2 5 ,  D.  C.  

A t t n :  D r .  Newel1 ( 2 )  


D r .  John E .  Naugle 

D r .  M .  Tepper 

D r .  Schmerl i n g  

D r .  Henry J .  Smith 


NASA 
O f f i c e  o f  Advanced Research and Technology 
Federal  O f f i c e  Bldg.  6 
Washington 25,  D.  C .  
A t t n :  	 D r .  M .  Adam 

M r .  K e l l e r  
M r .  Reetz 
M r .  Rhode 
M r .  Charak 

15 


I 




EXTERNAL DISTRIBUTION (Cont inued) 

NASA 

Goddard Space F1 i g h t  Center 

Greenbelt  , Maryland 

A t t n :  D r .  C l a r k  


D r .  F. B. McDonald 

D r .  N. Ness 

Mrs. H. H. Mal i t s o n  

L i b r a r y  (2 )  


NASA 

Langley Research Center 

Langley F i e l d ,  V i r g i n i a  

A t t n :  D i r e c t o r  


D r .  Foelsche 
M r .  Crouch 
L i b r a r y  

NASA 
Ames Research Center 
M o f f e t t  F i e l d ,  Cal i f o r n i a  
A t t n :  D r .  John R. S p r e i t e r  

D r .  B a r r e t t e  S.  Baldwin 
L i b r a r y  (2 )  

NASA 

Manned Spacecraf t  Cent e r 

Houston 1 ,  Texas 

A t t n :  M r .  R. Thompson 


M r .  J. Mod ise t te  
M r ,  D. Robbins 
M r .  J. H a r r i s  (3 )  

NASA 

Jet Propu ls ion  Labora tory  

4800 Oak Grove D r i v e  

Pasadena, Cal if o r n  i a  

A t t n :  M r .  A. J. Beck 


Technica l  L i b r a r y  ( 2 )  

ORA ( R R R S / D r .  Paul D. Jose) 
Holloman A i r  Force Base, New Mexico 

16 




EXTERNAL D I STRl BUT I ON (Cont inued) 

N a t i o n a l  Research Counci l  

Radio and E l e c t r i c a l  Engineer ing D i v i s i o n  

Ottawa 2 ,  Canada 

A t t n :  D r .  Peter  D .  M i l lman  


Labora to ry  o f  Tree-Ring Research 

U n i v e r s i t y  o f  A r i zona  

Tuscon , A r  izona 8572 1 

A t t n :  D r .  Ha ro ld  C .  F r i t t s  


Smithsonian A s t r o p h y s i c a l  Observatory 
60 Garden S t r e e t  

Cambridge 38, Massachusetts 

A t t n :  D r .  Fred Whipple 


D r .  Char les Lundqu is t  

D r .  Gera ld Hawkins 

D r .  L u i g i  Jacchia 


Aeronomy Labora to ry  
I TSA 
Department o f  Commerce 
Bou lde r ,  Colorado 
A t t n :  D r .  F r a n k l i n  E .  Rooch 

L i b r a r y  (2 )  

Bel lcomm I n c .  
1100 17 th  S t r e e t ,  N .  W. 
Washington, D. C .  20036 
A t t n :  D r .  G .  T.  Orrok 

A i r  Force Cambridge Research 
Cambridge, Massachusetts 
A t t n :  D r .  E.  J .  Chernosky 

L i b r a r y  ( 2 )  

D r .  E .  J. 8 p i k  
U n i v e r s i t y  o f  Maryland 
Co l l ege  Park,  Maryland 

D r .  S .  Fred Singer  
U n i v e r s i t y  o f  Miami 
Miami, F l o r i d a  

02138 

L a b o r a t o r i e s  

17 




EXTERNAL D I STR I BUT I ON (Cont inued) 

D r .  Hector R. Rojas 

I IT  Research,. I n s t i t u t e  

Astro-Sciences Center 

10 West 35 th  S t r e e t  

Chicago, I l l i n o i s  


D r .  Robert F. Ro ls ten  

Research I n s t i t u t e  

Un i v e r s  it y  o f  Dayton 

Dayton, Ohio 45409 


D r .  A. E. S. Green 

3535 Nor th  West 7 t h  Place 

Gainesvi  1 l e ,  F l o r i d a  32601 


D r .  James I .  Vet te  

Aerospace Corporat  ion  

Box 95085 


D r .  Robert J a s t r q J  

Goddard I n s t i t u t e  f o r  Space Studles 

2880 Broadway 

New York, New York 10025 


D r .  P. H. Staher  

Department o f  Phys ics 

Potchefstroom U n i v e r s i t y  fo r  C.H.E. 

Potchefstroom, South A f r i c a  


Roy 0. West L i b r a r y  

Depauw U n i v e r s i t y  

G reencas t 1 e,  I nd iana 

A t t n :  Dan S m i t h  


C i r c u l a t i o n  L i b r a r i a n  

D r .  Raymond Davis,  Jr. 
Brookhaven N a t i o n a l  Labora tory  

Los Angeles, C a l i f o r n i a  90045 Upton, L. I . ,  New York 11973 

D r ,  Car l  M c l l l w a i n  D r .  J. A.  Van A l l e n  

U n i v e r s i t y  o f  C a l i f o r n i a  a t  San Diego Department o f  Physics and Astronomy 

La Jo l  l a ,  C a l i f o r n i a  

D r .  J. B. B1 i z a r d  

U n i v e r s i t y  o f  Denver 

Denver, Colorado 


Hughes A i  r c r a f t  Company 

Aerospace Group 

Space Systems D i v i s i o n  

E l  Sequndo, C a l i f o r n i a  

A t t n :  D r .  Samuel Sabarof f  


D r .  Seymour L .  Hers 

Bepa rtment of Meteorol  ogy 

T h e  F l o r i d a  S t a t e  U n i v e r s i t y  

Tal  lahassee, F l o r i d a  32301 


18 

S t a t e  U n i v e r s i t y  of  'Iowa 

Iowa C i t y ,  Iowa 


D r .  John C. Noyes 

Head, Geo-Ast rophys i c s  

Boeing S c i e n t i f i c  Research Lab. 

P. 0. Box 3981 

S e a t t l e ,  Washington 98124 



